Introduction
Candidemia remains a serious cause of morbidity and mortality worldwide, mainly among immunocompromised and Intensive Care Unit (ICU) patients. [1] For example, candidemia rate of 5.84 per 1000 cancer patient admissions was reported from Taiwan [2] and 6.51 per 1000 ICU admission was reported from India. [3] Das et al. reported 37% crude mortality from Birmingham UK, [4] MD Anderson Cancer Centre from the USA showed 38% crude mortality and 19% attributable mortality, [5] The molecular diagnosis of candidiasis in recent years have gained in importance because of superior sensitivity, turn-around time. However, universally acceptable protocols for Candida DNA extraction and polymerase chain reaction (PCR) are still lacking. [6] chemical treatment with sodium dodecyl sulphate and/or β-mercaptoethanol, before commercial kit extraction step.
Protocol B: QIAamp DNA mini kit with glass beads. Extraction was performed using a modification of protocol A, where the chemical treatment step was replaced with boiling for 10 min followed by freezing the sample at −50°C and agitation with 0.5 mm glass beads. Qiagen buffer ATL was added to each tube and a volume of sterile glass beads approximately equal to 100 µl was added. Samples were processed for 30 s pulse at 5000 rpm in a Mini-BeadBeater, followed by centrifugation at 13,200 rpm in a centrifuge for 10 min.
Protocol C: This protocol used completely automated QIAcube extraction using QIAamp DNA mini kit. For this protocol, the initial concentration of the sample was fixed 0.5-1.0 McFarland standard.
All tested protocols were repeated at least three times for reproducibility of yield and quality. The integrity of the genomic DNA was checked by three different methods. First, NanoDrop 2000 spectrophotometer in triplicate and the results to determine the DNA concentration. In addition, the absorbance at 260 nm (A260) was measured and the A260/A280 ratio determined for the purity of DNA. Second, each extracted DNA was visually checked under UV-light after electrophoresis on 0.8% agarose gels, using 100 bp reference marker. Finally, the yield and purity of extracted DNA was verified by Real time PCR assay targeting rRNA gene. The TaqMan-based Real time PCR assay was carried out with the custom designed rRNA region specific primers and probes. Specificity of the primers and probes were checked using NCBI blast (http://www.ncbi.nlm.nih.gov/tools/primer-blast).
Results
Within each protocol, major differences in yield and purity were observed between the three individual tested protocols from the same amount of initial inoculum concentrations used (0.6-0.8 OD at 600 nm standard). Protocol B achieved the best result. All the samples had DNA concentration in the range from 100 to 198 ± 18.9 ng/µl (tested in triplicate), and the purity was 1.7-2.1 ± 0.8.
Protocol A had just 50% of samples yielding not more than 20 ng/µl of DNA, and their purity was 1.5-2.0 ± 0.4. QIAcube extraction (Protocol C) showed a poor DNA yield compared to other tested protocols [ Figure 1 ].
To check the purity and yield of the three different DNA extraction protocol, we have used a PAN Candida Real time PCR, targeting 18S rRNA region. The DNA extracted from protocol A and C were of poor quality and not reproducibly amplifiable by PCR. Whereas the DNA extract obtained by protocol B was consistently amplifiable.
The Candida PCR showed an analytical sensitivity of 103 cfu/mL [ Table 1 ]. Four Candida species, namely, C. glabrata, C. krusei, C. haemulonii and C. dubliniensis, did not amplify by the present primers. The analytical specificity of the Candida PCR was checked against 13 different DNA samples from bacteria, virus and other fungus and was found to be specific. The specificity and sensitivity of the Candida PCR for the same four Candida sp. were also checked by human blood spiking experiments and it gave similar results.
Discussion
In the present study, we described and validated a new format for DNA extraction method for medically important Candida sp. This study also showed a significant difference in terms of yield and purity of the extracted DNA by different protocols. Our data also support the possibility that impurities during extraction may act as inhibitors for PCR assays [7] as seen for the DNA extracts of protocol A and C. The analytical sensitivity of the Candida Real time PCR using DNA extracted by protocol B proves the integrity of DNA obtained. Many studies from India and abroad showed more than 90% of the invasive infections due to Candida are attributed to five species -C. albicans, C. glabrata, C. parapsilosis, C. tropicalis and C. krusei. [8, 9] A recently published data from our hospital also showed Candida to be responsible for 6% of all bloodstream C. albicans to be the most common species in our centre but C. glabrata, C. haemulonii, C. kefyr, C. norvegensis, C. parapsilosis and C. tropicalis were also noted. [10] Based on our microbiological data, an attempt was made for the development of PCR for rapid identification of those Candida sp. which are commonly found in our setup. A number of molecular-based detection strategies (e.g., sequence-based analysis) are used for identification of the Candida currently used in the clinical microbiology laboratories. [11] However, many of them are both expensive and laborious or time-consuming. [12] 
Conclusions
From the clinical perspectives, the establishment of simple, inexpensive DNA extraction technique and PCR assay that are readily adaptable to the medical microbiology laboratory remains an important clinical and technical requirement which our assay has attempted to address.
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